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CROSS-REFERENCE TO RELATED APPLICATION 

0001 This application is a divisional of U.S. Patnet 
Application No. 10/097,120, filed March 14, 2002, and 
incorporated herein by reference. Further, priority is 
claimed herein with respect to German Patent Application 
Serial Nos . 101 12 499.6 filed on March 15, 2001 and 101 
57 266.2 filed on November 22, 2001, the subject matter 
of which, along with the subject matter of each and every 
U.S. and foreign patent document mentioned herein, is 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 The invention relates to a resonator device, in 
particular a microwave resonator device, for testing a 
material quantity and especially a material flow in the 
tobacco-processing industry for the existence of at least 
one foreign substance and/or for detecting the weight, 
density and/or humidity level of the material or material 
flow. The resonator device is provided with at least one 
resonator housing and at least one opening in each 
resonator housing for the material or material flow to 
pass through. 
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0003 The invention furthermore relates to a corresponding 
measuring device, especially a microwave measuring 
device, as well as a measuring system, in particular a 
microwave measuring system, for testing a material 
quantity and especially a material flow in the tobacco- 
processing industry for the existence of at least one 
foreign substance and/or for detecting the weight, 
density and/or humidity level of the material- Such a 
measuring device comprises at least one resonator 
housing, inside of which an electromagnetic field can be 
generated and which has at least one through opening for 
the material . 

0004 Finally, the invention relates to a method for 
testing a material for the existence of at least one 
foreign substance and/or for detecting the weight, 
density and/or humidity level of the material. 

0005 A corresponding resonator device or resonator 
housing for microwaves is known from German Patent No. 
198 54 550 Al commonly owned by the present assignee. 
This document discloses a resonator housing for the 
tobacco-processing industry, through which a rope of 
tobacco is moved and is subjected to microwaves for the 
purpose of detecting the weight and/or humidity level of 
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the rope material. The purpose of this resonator 

housing is to improve the measuring accuracy and, if 
necessary, the measuring sensitivity when detecting the 
weight and/or humidity level of filler materials for 
ropes in the tobacco-processing industry. According to 
German Patent No. 198 54 550 Al, this is achieved by 
producing the housing at least in part from a material 
with a low expansion coefficient, so that with a 
corresponding fluctuation in the temperature, the housing 
essentially retains the same shape. It also improves the 
measuring accuracy if the resonator housing temperature 
is controlled to be at a constant value. Finally, it is 
advantageous according to the aforementioned reference if 
the interior housing walls are at least partially coated 
with a corrosion-resistant metal or consist of such a 
metal . The measuring accuracy for detecting the weight 
and/or humidity level for the aforementioned materials 
can be improved considerably in this way. 
0006 German Patent No, 101 00 664,0 also commonly owned 

by the present assignee, furthermore discloses a method 
for testing a production material or a material quantity 
primarily containing a production material, wherein the 
material is tested for the existence of a foreign 
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substance. A microwave field is generated for this, the 
material is moved into the effective range of the 
microwave field and its influence on the microwave field 
is analyzed, wherein the actual values of a first and a 
second characteristic variable of the microwave field are 
measured simultaneously. A reliable value range is 
specified for these actual values and these are checked 
to determine whether the actual values are in the 
reliable range. A signal is generated if the actual 
values are outside of the reliable value range. For the 
purpose of this invention, the variable for a microwave 
field includes real variables of the generated microwave 
field, such as amplitude and phase, as well as variables 
of the components for guiding a microwave field, e.g. the 
resonance frequency and the band width of a resonator in 
which the microwave field propagates. 
0007 With the known measuring method, the goods to be 

measured are moved through the field of a resonator, 
wherein the dielectric properties of the goods to be 
measured change the field. By measuring the change in 
the resonance properties or the field, it is possible to 
determine the weight, density and humidity level as well 
as to detect foreign substances. However, it is 
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difficult to detect very small foreign substances or to 
achieve a relatively exact local resolution. In 
particular the position of the foreign substance relative 
to the field orientation determines the measuring 
accuracy. 



SUMMARY OP THE INVENTION 

0008 Itisan object of the present invention to provide 
a resonator device, a measuring device and a measuring 
system, which increase the sensitivity of a method for 
determining whether a material flow contains a foreign 
substance and/or for detecting the weight, density and/or 
humidity level of the material flow or the material 
quantity. 

0009 Furthermore, it is an object of the present 
invention to increase the sensitivity of such a method 
and, in addition, provide means and a method for 
improving the accuracy and the local resolution of 
respective measurements. 

0010 The above and other objects are solved with a 
resonator device, in particular a microwave resonator for 
testing a material, in particular a material flow, in the 
tobacco-processing industry for the existence of at least 
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one foreign substance and/or for detecting the weight, 
density and/or humidity level of the material or the 
material flow. The resonator device comprises a housing 
provided with an opening for the material quantity or the 
material flow to pass through, wherein the material can 
be transferred at least in part to a testing area, 
located in particular inside the resonator. At least one 
element that increases the energy density of 
electromagnetic waves is provided, wherein the energy 
density can be increased at least in a portion of the 
testing area. 

0011 As a result of this measure, a kind of bundling of 

the electromagnetic waves is possible in the testing 
area, which results in an increased flow of the 
respective waves, in particular microwaves, through the 
material to be checked or the region of the material flow 
to be checked. As a result, the sensitivity when 
measuring the weight, density and/or humidity level of 
the material flow and/or when testing for the existence 
of a foreign substance is increased, without the 
necessity of coupling additional energy into the 
resonator device. For the purpose of this invention, 
increasing or raising the energy density of 
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electromagnetic waves in particular also means that these 
waves are bundled, focused, narrowed down or compacted. 
The electromagnetic waves preferably are microwaves. A 
material is advantageously tested with the resonator 
device according to the invention. The material 

advantageously is a material flow. For the purpose of 
this invention, the term testing region also encompasses 
the term measuring region. 

0012 The element preferably comprises a line resonator 
with at least one end face functioning as electrode. By 
using a line resonator, the waves coupled into the 
resonator can be bundled easily and effectively, wherein 
the waves or the respective field in particular exit the 
end face in the form of a beam. 

0013 It is advantageous if a coupling-in antenna and a 
coupling-out antenna are provided, which are arranged 
symmetrically inside the resonator. The antennas are 
furthermore arranged near a spot on the line resonator, 
where the field component that induces the coupling has a 
high amplitude, preferably a maximum. 

0014 A particularly good coupling of the waves coupled in 
and out of the element occurs if the element is 
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preferably arranged inside a resonator cavity, at a 
distance to the walls delimiting the cavity. 
0015 A particularly effective method for testing the 

material flow is possible if the at least one end face is 
arranged near the material flow or the material quantity 
or the testing region. The size of the end face 
preferably is smaller than the region of the material 
flow, located inside a testing region in the resonator, 
wherein a cross-sectional surface that is essentially 
parallel to the end face is taken into consideration. 
The material flow, which in this case is a tobacco flow 
in the tobacco-processing industry that is advantageously 
wrapped with a wrapping material such as paper, refers to 
a cigarette rope having a circular diameter of 
approximately 6 to 10 mm. The size of the end face, 
which may be rectangular, is preferably smaller than 1/10 
of the area for the material flow to be projected against 
one wall of the resonator device. This refers, for 
example, to an area ratio as shown in Figure 2, wherein 
the decisive area is the cross-sectional surface of the 
cigarette rope inside the cavity 7, which is shown in 
Figure 2 . 
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0016 The line resonator preferably is a metal strip or a 
thin metal cube with an end face in the direction of the 
testing region. If at least one inside wall of the 
resonator housing preferably serves as an electrode, 
particularly as a backplate electrode to the end face, 
the electromagnetic wave field can be generated between 
the end face of the metal strip and the inside wall, so 
that a defined, narrowly limited measuring range is 
provided . 

0017 Two end faces are advantageously provided, which are 
directed toward the testing region. A particularly 
preferred embodiment of the resonator device has two end 
faces, wherein these are arranged opposite each other to 
allow the material flow to move through the space between 
the end faces. Such an embodiment of the resonator 
device permits a particularly even bundling of the waves, 
wherein an extremely high energy density is possible. 
The line resonator preferably is an open ring. In 
addition, the two end faces preferably are essentially 
parallel to each other, which further increases the 
homogeneity of the wave field. 

0018 Extremely reliable and exact measurements are 
possible if the one element consists at least in part of 
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a material with low expansion coefficient, especially 
with respect to temperature. A long service life is 
ensured for the resonator device if the at least one 
element furthermore is coated with a corrosion-resistant 
material and in particular a metal and/or consists in 
part of such a material . 
0019 The invention further provides for a measuring 

device, in particular a microwave measuring device, for 
testing a material, especially a material flow in the 
tobacco-processing industry, for the existence of at 
least one foreign substance and/or for detecting the 
weight, density and/or humidity level of the material. 
The invention comprises at least one resonator housing, 
which is provided with at least one opening for the 
material to flow through and inside of which an 
electromagnetic field can be generated. The invention is 
modified in that the measuring device comprises at least 
two resonator housings, which respectively define one 
measuring range, wherein each electromagnetic field 
respectively comprises an electric field and the fields 
in the respective measuring regions are oriented in 
different spatial directions relative to each other. The 
electromagnetic field in this case is preferably a 
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microwave field, comprising a stationary microwave field 
in the resonator housing. According to the invention, 
the different directions, relative to each other, of the 
electrical fields permit a more exact determination of 
foreign substances since foreign substances not detected 
with the one resonator housing can be detected with a 
high probability with the other resonator housing. In 
particular this refers to foreign substances having a 
geometric shape that is larger in one direction than in 
the other direction. Having different field directions 
relative to each other in space means, in particular, 
that these fields are distinguished by different angles 
relative to the conveying direction. 

0020 The measuring regions preferably are positioned 
successively in a conveying direction of the material 
flow, so that a separate evaluation of the respective 
measurements of the material quantity in the measuring 
regions can take place and so that the individual 
measuring regions are not influenced by the adjacent 
measuring region. 

0021 A particularly preferred embodiment of the present 
invention is obtained if the electrical fields are 
oriented essentially orthogonal to each other. For the 
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purpose of this invention, orthogonal means perpendicular 
to each other. 

0022 If one electrical field is oriented essentially in 
the conveying direction of the material flow and one 
electrical field is oriented crosswise thereto, it is 
possible to take a measurement in the traditional manner, 
for example as described in German Patent No. 198 54 550 
Al, as well as take a supplemental measurement crosswise 
to this direction. 

0023 For the purpose of this invention, field refers in 
particular to an electrical field. In the case of a 
dynamic field, the field intensity vector represents one 
field direction or orientation, as for a stationary 
electromagnetic wave. 

0024 If three resonator housings are provided, the 
measuring accuracy can be increased even further. For 
this, the third resonator housing is preferably designed 
so that the electrical field is positioned essentially 
orthogonal to the fields inside the other two resonator 
housings . 

0025 The measuring device according to the invention 
preferably comprises a resonator device that is designed 
or advantageously equipped according to the invention, as 
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described in the above. A compact design for the 
measuring device is obtained if a single housing 
comprises at least two resonator housings. 
0026 According to a further aspect of the invention, 

there is provided a measuring system, particularly a 
microwave measuring system, for testing a material flow 
in the tobacco-processing industry for the existence of 
at least one foreign substance and/or for detecting the 
weight, density and/or humidity level of at least a 
section of the material flow. The measuring system is 
modified in that at least two measuring devices are 
provided for measuring the material flow in space, in 
different directions relative to each other. In this 
case, the measuring direction must be understood to be 
the direction of the field that is critical for the 
measurement, particularly the electrical field. For 
this, at least one measuring device is preferably 
designed such that a measuring in the conveying direction 
of the material flow is possible. German Patent No. 198 
54 550 Al shows in this connection, a corresponding 
measuring device that permits a measurement in the 
conveying direction of the material flow. One of the 
resonator devices according to the invention can be used, 
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for example, as described in the above if at least one 
measuring device is designed to permit a measuring 
crosswise to the conveying direction of the material 
flow. 

0027 In a preferred embodiment of the invention, three 
measuring devices are advantageously provided, wherein 
the measuring devices are designed such that the material 
flow can be measured in three different spatial 
directions, relative to each other, in particular in 
essentially orthogonal directions. Very exact 
measurements and in particular measurements with a high 
local resolution are possible with a measuring system of 
this type. It is advantageous if the measuring device, 
which permits a measurement crosswise to the conveying 
direction, is one of the resonators according to the 
invention and described in the above. 

0028 According to yet another aspect of the invention, 
there is provided a method for testing a material 
quantity, in particular a material flow in the tobacco- 
processing industry, for the existence of a foreign 
substance and/or for detecting the weight, density and/or 
humidity of the material. For this, a first 
electromagnetic field is generated in a first resonator 

- 15 - (Atty. Dkt.: 41653-199394 RK) 



and a second electromagnetic field is generated in a 
second resonator, the material is moved through the first 
and the second field and a change in at least one 
characteristic of the electromagnetic field is measured. 

0029 The field intensity, the frequency or the phase, for 
example, can represent one characteristic of an 
electromagnetic field. In the case of a stationary wave 
field, the position of the antinodes or the nodes or the 
resonant frequency and the amplitude can furthermore 
represent one characteristic of an electromagnetic field, 
e.g. for a resonator. 

0030 The electrical fields are preferably oriented in 
different directions relative to each other. It must be 
assumed that the E field and the H field are oriented in 
different directions relative to each other. An even 
more exact analysis of the material flow based on the 
foreign substances or an even more exact detection of the 
density, humidity level and weight of the material flow 
is possible if a third resonator device is provided, 
which generates a third electromagnetic field. The 
material quantity is moved through this third field, 
which is oriented in a different direction relative to 
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the first and second field, and the change in at least 
one characteristic of the third field is measured. 

0031 The electrical fields in the respective resonators 
are essentially positioned orthogonal to each other. 

0032 If the measured values are evaluated to generate an 
ejection signal, it is possible to separate out, for 
example, sections of the material flow from the further 
processing. As a result, it is possible to avoid the 
production of poorly filled cigarettes or cigarettes that 
are too dry or are composed of a foreign substance. The 
measured values from the resonators are preferably 
correlated, so that a very exact local resolution is 
possible. The rejection of conveyed material can be kept 
as low as possible with such an exact local resolution. 
Combining the measuring results from the different 
resonators thus increases the accuracy or the local 
resolution of the measurements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0033 The invention is explained in further detail in the 
following with exemplary embodiments and by referring to 
the drawings, wherein reference is made to the drawings 
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for the disclosure of all details of the invention that 
are not explained in further detail. Shown are in: 



Figure 1 A view from above of a cross section 

through a resonator housing. 
Figure 2 A cross section through the resonator housing 

in Figure 1, along the sectional line A- A. 
Figure 3 A cross section through the resonator housing 

according to another exemplary embodiment of 

the invent ion . 

Figure 4 A cross section through the resonator housing 

in Figure 3, along the sectional line C-C, in a 
view from the side. 

Figure 5 A schematic of a measuring device according to 
t he i nven t ion. 

Figure 6 A schematic of a measuring device according to 
another embodiment of the invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
0034 The same reference numbers are used for the same 

elements in the following Figures, so that these elements 
are not presented anew. 
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0035 Figure 1 shows a view from above of a cross section 
through a resonator housing 4.1, wherein the view is 
along arrows B on the sectional line B-B in Figure 2. 
Only a few of the characteristics are shown in Figure 1. 
Some of the characteristics shown in Figure 2 were not 
drawn into Figure 1 for reasons of clarity. A hollow 
cylinder 6 of metal, preferably provided with a gold 
layer 12 at least on the inside, delimits the resonator 
housing 4.1. A post 19 is shown in the center of the 
hollow cylinder 6, which post is also coated with a layer 
of gold 12. The hollow cylinder 6 and the post 19 are 
shown in a cross section. One view shows a line 
resonator 21 in the inside space 7 or the cavity 7, which 
is an open ring with two end faces 20. A through bore 10 
through which the cigarette rope 1 can pass is also 
shown . 

0036 Figure 2 shows a partially opened up cigarette rope 
1 that moves in the direction of arrow 5. The cigarette 
rope 1 consists of a filler material 3 of cut tobacco and 
a wrapper 2 of cigarette paper. The cigarette rope 1 
extends through the resonator housing 4.1, to which 
microwave rays are fed for the purpose of detecting the 
weight, density and/or humidity level of the filler or 
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for detecting the existence of a foreign substance in the 
filler. The resonator housing 4.1 has a cavity formed by 
the hollow cylinder 6, the inside space 7 of which is 
arranged symmetrical to the post 19. A lid 8 for closing 
is screwed to the hollow cylinder. The hollow cylinder 6 
and the lid 8 consist of a material with very low 
temperature coefficient. An alloy composed at least 
approximately of 64% iron and 36% nickel is suitable for 
this. An excellent constancy of the measuring results 
can be achieved owing to the excellent constancy of the 
resonator housing 4.1 geometry. Contributing to this is 
also a temperature control for the resonator housing, 
indicated in Figure 2, which uses a temperature sensor 9 
to detect the temperature. The temperature sensor 
controls at least one heating transistor 11, for example 
a type BUZ 80 by the Siemens Company, the dissipation 
heat of which advantageously heats up the resonator 
housing, preferably via the environmental temperature. 
The control system itself is not shown in Figure 2, but 
is known to the person skilled in the art. 
0037 A thin layer of gold 12 is deposited on the surfaces 

forming the boundaries of inside space 7 of resonator 
housing 4.1 and preferably also on the line sensor 21, 
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which is an open ring in this case. This gold layer 
reliably prevents corrosion, which reduces the measuring 
value constancy, and simultaneously prevents a damaging 
side effect on the skin owing to the high electrical 
conductance. The resonator housing 4.1 advantageously is 
also gold-plated from the outside to prevent corrosion. 

0038 To prevent a soiling of the interior space 7 that 
would impair the measuring result, a protective tube 13 
that advantageously consists of a substance of the poly 
aryl ether ketone (PAEK) group, e.g. poly ether aryl 
ketone (PAEK) , is used to mechanically seal the interior 
space 7 against the cigarette rope 1 and any dirt 
particles conveyed along. The protective tube 13 can be 
expanded in the shape of a funnel at one of its ends, at 
which the rope 1 enters the resonator housing 4. For 
reasons of clarity this is not shown in Figure 2. 

0039 Outside of the interior space 7, the resonator 
housing 4.1 extends on both sides in the shape of a tube 
toward the outside 14, in the direction of rope 1, so as 
to prevent the microwaves from exiting the resonator 
chamber. The tubular section can also extend to some 
degree toward the inside. However, this is not shown in 
Figure 2 . 
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0040 A coupling- in antenna 17 that is insulated against 
the metal housing 4.1 with an insulation 16 functions to 
couple in the microwaves generated by the microwave 
generator. A coupling-out antenna 18 that is insulated 
against the lid 8 with an insulation 16 serves to couple 
out the microwaves, which are to be fed to an evaluation 
circuit, that is not shown herein. The aforementioned 
antennas 17 and 18 can also be arranged on the same 
housing side. In that case, they are preferably arranged 
offset in circumferential direction. A suitable 
evaluation circuit is disclosed in German Patent No. 197 
34 978.1, which is thus acknowledged in this application. 

0041 The invention makes it possible to provide a 
directional field with increased energy density, which is 
particularly distinctive between the two end faces 2 0 or 
the field exit areas 20 of the line resonator 21, which 
is shown as an open ring for this exemplary embodiment. 
This results in a very short or small measuring window 
that clearly increases the measuring sensitivity, in 
particular to foreign substances. 

0042 The line resonator 21 is arranged directly adjacent 
to the coupling antennas 17 and 18. Non-conducting 
fastening means are provided for fastening the line 
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resonator and connecting the line resonator to the 
housing. If a high-frequency electromagnetic alternating 
field emanates from the open end of the coupling- in 
antenna 17, a stationary wave is excited in the line 
resonator 21 through electrostatic induction. This wave 
takes energy from the coupling-in antenna 17 if the 
resonance condition is met, meaning if the wavelength of 
the stationary wave harmonizes with length L of the 
resonator. That is the case if the following applies: L 
= n X X/2, wherein n is a whole number. The stationary 
wave in the line resonator, in turn, excites through 
electrostatic induction an electromagnetic wave in the 
coupling-out antenna 18, which drains the energy from the 
resonator. A capacitive coupling was described in the 
above. However, within the framework of this invention, 
an inductive coupling is possible as well. 
0043 A potential antinode of the stationary wave is 

present at the open ends 20 of line resonator 21. The 
polarity of the internal surfaces is the same in this 
case if n is an even number and is opposite if n is an 
odd number. In the latter case, a concentrated 

electrical field is generated between the end faces, 
which extends through the bore for the cigarette rope. 
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As a result, the dielectric properties of the goods, to be 
measured exert a particularly high influence on the 
resonator behavior and thus lead to an effective 
detection of foreign substances. 

0044 Figure 3 shows another exemplary embodiment of the 
present invention. In contrast to the previous 
embodiment shown in Figures 1 and 2, a hollow cube 22 is 
used as resonator housing 4.2 and metal strip forms the 
line resonator 21. Figure 3 shows a sectional 
representation along the line D-D in Figure 4, wherein 
this section is viewed in arrow direction. Figure 4 is a 
view from the side of a sectional representation along 
the line C-C in Figure 3. The additional features such 
as the protective tube 13, the gold layer 12, the 
cigarette rope 1 etc. are not shown in these Figures, so 
as to provide a clearer view of the elements shown. 

0045 The backplate electrode for the field exiting from 
the line resonator 21 or the end face 20 or from the 
field exit area 20 is the opposite-arranged housing wall, 
which functions there as ground electrode. 

0046 The exemplary embodiments according to the 
invention, described herein, are particularly suitable 
for realizing a method for testing a production material 
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in accordance with German Patent Application 101 00 
664.0. The content of this patent application is 
incorporated by reference into this application. The 
same is true for the content of the German Patent No. 
198 54 550 Al and the content of German Patent 
Application 197 34 978.1. 
0047 The method for testing a production material in 

accordance with German Patent Application 101 00 664.0 in 
particular is used for testing large quantities of 
tobacco that are automatically processed in the tobacco- 
processing industry, in particular to check for foreign 
substances that may be present in the cigarettes. These 
foreign substances can effect the production quality, 
e.g. appearance, taste and wear values. A microwave 
field is generated for this, the material is moved to the 
effective range of the microwave field and the influence 
of the microwave field is analyzed, wherein the actual 
values of a first and second characteristic variable of 
the microwave field are measured simultaneously. A 
permissible value range is specified for these actual 
values and a check is made to determine whether these 
actual values are in the permissible value range. A 
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signal is generated in those cases where the actual 
values are not in the permissible value range. 

0048 The permissible value range in this case includes 
variable values that occur when the microwave field is 
influenced by a material quantity, particularly a 
cigarette rope that contains exclusively the production 
material. The material flow in this case is preferably 
divided into sections prior to or following the passage 
through the effective range of the microwave field. 
Sections, which generate the signal during the passage, 
are then removed from the material flow. The permissible 
value range can be determined by guiding a reference 
amount of the production material, which does not contain 
foreign substances, through the effective range of the 
microwave field. The actual values measured during the 
passage of the reference amount then form the permissible 
value range. The material for the reference amount can 
advantageously be wrapped with a wrapping material . 

0049 This process can advantageously be realized with an 
additional method, in which at least one characteristic 
of the production material is determined parallel and 
independent thereof from the actual values of the same 
characteristic variables of the microwave field. This 
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characteristic in particular can be the density, the 
weight and/or the humidity level of tobacco used as 
production material . 

0050 Metals and plastic materials are primarily 
considered as foreign substances, which physically cause 
a totally different change in the microwave field than 
the water-containing tobacco material. The high 
conductivity of the metals causes a strong reflection or 
scattering of the microwaves. Plastic materials have 
noticeably different dielectric numbers and loss factors 
as compared to tobacco, so that these can also be 
detected easily. 

0051 With this method, different frequencies are 
preferably supplied to the resonator, wherein the 
transmission capacity for these frequencies is determined 
and the two variables or several characteristic variables 
are determined from these data with the aid of a 
mathematical method. Resonance curves are preferably 
used for this and corresponding variable pairs are 
determined, which are measured around a median frequency 
due to the insignificant detuning. Further details may 
be gleaned from German Patent Application 101 00 664.0. 
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0052 The materials and coatings used for the exemplary 
embodiment according to Figures 3 and 4 can be the same 
ones used for the exemplary embodiment according to 
Figures 1 and 2 . 

0053 Figure 5 schematically shows a measuring device 
according to the invention, comprising three resonators 
housings 4.3 - 4.5. A cigarette rope 1 filled with a 
filler 3 passes through the resonator housings 4.3 - 4.5. 
A paper strip 2 is furthermore wrapped around the filler 
3. The resonator housings 4.3 - 4.5 contain cavities 
that are not shown herein. Electromagnetic fields are 
generated inside the cavities, which have differently 
oriented electrical field lines 23. Thus, the field 
lines 23 in the resonator housing 4.5 on the right side 
of Figure 5 extend in conveying direction 5. The field 
lines 23 inside the resonator housing 4.4 in the center 
of Figure 5 extend crosswise to the conveying direction 

5, in the drawing plane, while the field lines 23 inside 
the resonator housing 4.3 on the left side extend 
crosswise to the conveying direction 5 and out of the 
drawing plane. In one preferred embodiment shown in Fig. 

6, a single main housing 4 comprises the plurality of 
resonator housings 4.3 - 4.5. 
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If the field penetrates the filler 3 or rope 1 to be 
measured in different directions, each additional 
direction provides additional measuring information. 
Measurements are preferably taken in two or even three 
directions, which can be in the movement direction as 
well as perpendicular to it. This permits the detection 
of many foreign bodies, which would not be detected, for 
example, with a measurement exclusively in one direction. 

The measuring signals can subsequently be evaluated 
separately, so that an ejection occurs if at least one of 
the sensors or measuring devices detects a foreign body. 
However, the measuring signals can also be linked to 
improve the local resolution or increase the general 
sensitivity of the system. The measurements are offset 
in time as a result of the distance between the resonator 
housings, the production speed or the conveying speed for 
material to be tested and can thus be compensated easily 
through calculations . 

The invention has been described in detail with 
respect to preferred embodiments, and it will now be 
apparent from the foregoing to those skilled in the art, 
that changes and modifications may be made without 
departing from the invention in its broader aspects, and 
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the invention, therefore, as defined in the appended 
claims, is intended to cover all such changes and 
modifications that fall within the true spirit of the 
invention. 
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